Halothane has enjoyed wide popularity as a primary volatile anaesthetic. Fifteen to twenty per cent of inspired halothane is metabolized and active metabelites can be detected in the blood for up to 14 days. t-3 Dehalogenation occurs first in this biotransformation pathway and eventually yields trifluoroacetic acid, bromide, and chloride. 4-s Bromide concentrations greater than 480 Ixg mlproduce central nervous system (CNS) symptoms such as drowsiness, lethargy, and headaches. Electroencephalographic (EEG) changes accompany the intoxication. We have frequently seen prolonged recovery following halothane anaesthesia in patients with end-stage renal failure undergoing kidney transplantation which could not be explained by residual anaesthesia.
The purpose of this study was to measure urine and serum bromide levels, and serum morphine levels before and after halothane anaesthesia in patients who received cadaveric kidney transplants and in a control group, and to correlate these levels with postoperative levels of consciousness.
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Methods
Informed consent was obtained from 24 patients 16-48 years of age scheduled for kidney transplant or colon resection. The transplant patients were randomly divided into two groups. Group A consisted of eight patients in end-stage renal failure scheduled for kidney transplantation who were given no preoperative medication. Group B included eight patients in end-stage renal failure who were given 10mg of morphine 60 minutes prior to induction of general anaesthesia. Eight patients with normal kidney function scheduled for colon resection who were given 10 mg of morphine as preoperative medication served as a control group (Group C). No other doses of morphine were administered at any time during the study. Postoperative medication was intramuscular meperidine, 50 mg in control patients and 25 mg in Group A and B patients.
Before induction of anaesthesia, a central venous pressure catheter was inserted via the right internal jugular vein for blood sampling. A Foley catheter was also inserted. All transplant patients were haemodialyz~d at least twelve hours before the operation and the serum electrolytes were within normal limits. All patients in the study had normal liver function tests preoperatively. Renal function after transplantation was assessed by renal scintigraphy and by determining serum creatinine and electrolyte levels.
Induction of anaesthesia consisted of intravenous thiopentone 3 mg'kg -I, and pancuronium 0.1 rag' kg -I followed by tracheal intubation. Anaesthesia was maintained with nitrous oxide-oxygen 50 per cent and halothane. Ventilation was controlled using an Air Shields ventilator set to deliver a tidal volume of 10 ml-kg-l a rate of 10. minute-I. Urine and blood samples were collected before, and at 15 minutes, 12 hours and 24 hours after the end of anaesthesia. A scoring system was used to assess the level of consciousness, with 10 the highest possible score and 3 the lowest using three parameters: eye opening, response to verbal stimuli, and response to pain. Assessment of the level of the consciousness was performed by an anaesthcsiologist blinded to the treatment group, using the following scoring point system: (a) Eye openingnone 1, to pain 2, to command 3, and spontaneous 4. Anaesthetic exposure is expressed as the inspired concentration multiplied by the duration of administration in hours. Halothane dose was estimated by recording inspired concentrations every 15 minutes, using a Narkomed analyzer.
Bromide levels were measured using a digital ion analyzer with a specific bromide electrode and reference calomel electrode. Blood samples were centrifuged to separate red cells from plasma and refrigerated until bromide concentration was measured. Morphine levels were measured by liquid chromatography and results were expressed in I~g' 100 ml -I. Statistical analysis within each group was done using a Student's t test for paired data and results are expressed as mean -SE. A p value < 0.025 was considered significant, Statistical analysis between the different groups was performed using a multiple range test (Modified LSD Procedure).
Results
There was no difference in serum bromide levels between Group A and B patients. Serum and urine bromide levels were significantly increased in Groups A and B in comparison with the control group, 15 minutes after the operation, and 12 and 24 hours later (Table I ). There were no significant differences in urine bromide levels between Groups A and B and the control group early after the operation and twenty-four hours later.
Morphine levels were increased significantly in Group B patients from control after the operation, 12, and 24 hours later. Levels increased to 50 -4.05 I~g. 100 ml-i just before anaesthesia, reaching a peak level of 145 -29.5/~g.100ml -I five minutes after the operation. Twelve and 24 hours later the morphine levels were 70 +--17.75 (p < 0.025) and 15 -+ 0.9tzg.100m1-1 (p < 0.2) respectively. Those values were higher than those found in the control group (Table I) .
Serum and urine electrolytes remained within normal timits. As would be expected, significant increases in unne output occurred in the transplant patients soon after the operation (Table II) .
All patients in the control group received postoperative medication. Three patients in Group A and one in Group B received 25 mg of meperidine intramuscularly six hours after the operation. (Table I) . There was no difference in the duration of anaesthesia between the groups (Group A -207 -+ 10 rain; Group B -203 --+ 11 rain; Group C -210 --+ 15 min); anaesthetic exposure (inspired concentration • hours) was 2.25 ---0.12 in Group A, 2.10 ---0.15 in Group B, and 3.65 4-0.4 in Group C.
Discussion
Was bromide responsible for the prolonged sleelxiihess in our patients?
Bromide produces many CNS effects, including somnolence and confusion. These symptoms ordinarily persist for 12 to 14 days -the plasma half-life of bromide. 9 Bromide depends on the kidney for its excretion and significantly increased levels were found in the postoperative kidney transplant patients. It is well known that the newly transplanted kidney ideally secretes urine soon after the clamp is removed, but since selective function of the kidney is not present until 12 to 24 hours after transplantation, it may take some time before the osmolality of the urine is normal. Only 30 per cent of our transplant patients had normal kidney function, as determined by renal scintigmphy, eight hours after the operation. This technique provides a simple, rapid, and accurate method of evaluating renal function after kidney transplantation, to
Abnormal electrolytes, such as hypochloraemia, can slow bromide excretion, but our patients had electrolytes within normal limits. We cannot explain the prolonged sleeping times in Group A and B patients by the bromide concentrations measured since concentrations in excess of 480 v,g" ml-~ are necessary for bromism. Group C patients had higher awakening scores than Groups A and B even when they had higher bromide levels and had received 10 mg of morphine as preoperative medication. Blood urea nitrogen and creatinine were also near normal in the first postoperative hours in both groups which appears to discount the theory that increased levels of metabolic products are responsible for the slow responsiveness of these patients. Since there was no significant difference in serum bromide levels between Groups A and B and Group A patients had a better response score soon after operation and 12 hours later, residual anaesthetics alone cannot explain this occurrence. For many years, it has been realized that the binding of drugs to components in the blood and tissues including protein can profoundly influence not only the pharmacodynamics and toxicologic actions of drugs but also their disposition.
Almost every drug exerts its pharmacologic effect by interacting with some kind of protein in the body and eliminated from the body principally by combining with a transport system or drug metabolizing enzyme.
Morphine is mainly metabolized by glucuronation in the liver, methylation to codeine, or demethylation to normophine which is a more potent CNS depressant than morphine. Free morphine molecule excretion by the urine accounts only for ten per cent of the total administered because of redistribution, accumutation of parenct~ymatous organs, and biotransformation.
Experimental data have revealed a significant decrease of the albumin fraction of the plasma protein after nephrectomy and increased sensitivity to intravenous barbiturate.
Previous studies have shown a decreased protein binding in plasma 1] from patients with acute renal failure, due to damaged or incompletely synthesized proteins, lower plasma protein concentrations, and accumulation of compounds which also have affinity for the drug binding sites on the proteins, Morphine is bound to plasma albumin. Decreases in albumin level, as seen in azotemic patients, ~2 can increase the amount of free drug, thereby causing prolongation of its pharmacological effect and increase of the rate of penetration of the free drug into the brain. That might explain the higher blood morphine levels found in these patients soon after transplantation. Twenty-four hours later the values were lower than the preoperative values.
Since bromide values at that time were higher than in the preoperative ~,:,d, the perfect response score found suggests th,. morphine metabolites might be responsible for the prolonged recovery of consciousness in the postoperative period.
Morphine metabolites are mainly excreted by the kidney. In the presence of nonfunctioning kidneys, increasing concentrations of morphine derivatives can be found in the circulation, resulting in prolonged CNS depression, t3 The morphine level was higher in Group B than in the control group. Naloxone, administered eight hours after surgery to three patients, of the same characteristics as patients in Group B, but not included in the study, resulted in increasing the score to a perfect ten lasting 45 minutes.
However, the distribution of drugs depends also on other factors such as liquid solubility and blood brain barrier. The blood brain barrier selectively controls the concentration gradients of solutes between the brain and its surrounding environment. Freeman et al. have demonstrated an increase in permeability of the blood brain banter in uraemia. ~4 They have shown a breakdown in the mechanism which controls the concentration gradients for bromide between the cerebrospinal fluid (CSF) and blood. Higher bromide levels in the brain can directly depress the CNS in patients with end-stage renal failure, resulting in prolonged sleepiness.
Although the primary site of action of morphine is in the CNS in humans, the blood brain barrier tends ~o impede its entry into the brain. The abnormal blood brain barrier found in those patients may facilitate the accumulation of morphine and its metabolic products in the grey matter resulting in profound respiratory depression. Uraemic patients have decreased cerebral metabolism as indicated by abnormal slow waves on the EEG and decreased oxygen consumption by the brain.
Conclusion
Bromkle leve~s in patients who have undergone kidney transplants are higher than values previously reported in patients with normal kidneys. However, they do not approach those described as being associated with CNS depression and were not high enough in our patients to explain their slow awakening foil.owing anaesthesia. Most were fully awake after 24 hours, despite bromide blood concentration of 158 ixg. ml-1. Preoperative medication might, in part, explain this delay since higher values of morphine were found in our control patients compared with values previously reported in patients with normal kidney function given equal amounts of morphine. Delayed elimination of morphine metabolites, due to nonfunctioning kidneys, might also ex?lain this phenomenon.
Low protein binding due to a decrease of albumin levels and abnormal blood brain barrier due to uraemia can also make more free drug available and facilitate the passage of bromide and morphine or its metabolites to the CNS causing prolonged sleepiness in the postoperative period. 
